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We conducted a large death certificate-based case-control study to
assess occupational risks for salivary gland cancer. African American
(168 cases, 672 controls) and white (2237 cases, 8748 controls) cases
from 24 states (1984–1989) were matched to controls by age, sex, race,
and region. Race- and sex-stratified multiple logistic regression models
calculated adjusted odds ratios. The proportion of young cases (�50
years) was greatest among African Americans (20.8% vs. 8.8%).
Higher socioeconomic status, ionizing radiation, formaldehyde, sol-
vents, outdoor work, and animal contact were associated with elevated
risk among white men. Physical activity reduced mortality risks among
men, although significantly only among whites. Odds ratios for
formaldehyde, solvents, benzene, and animal contact were 2.0 or greater
among African American women, although not statistically significant.
These findings suggest occupational and demographic factors needing
further investigation. (J Occup Environ Med. 2004;46:287–297)

A lthough cancers of the salivary gland
are rare and the etiology unknown,
previous studies have suggested a
role of occupation. Elevated risks for
salivary gland cancer have been re-
ported among cosmetologists,1

plumbers,2 and workers in the agri-
culture,3 auto,4 fertilizer,5 and rub-
ber,6 – 8 industries, although these
findings are limited by the small
number of cases studied. Salivary
gland cancer is unlike more common
malignancies of the oral cavity in
that it has not been associated with
smoking and/or alcohol use,1,3,9–11

although a positive association with
alcohol consumption in women12

and cigarette smoking in men6 has
been reported. Ionizing radiation is
the most consistently associated risk
factor, including therapeutic irradia-
tion,12–15 medical and dental x-
rays,11,16 occupational radiation ex-
posure,6,17 and exposure to atomic
bomb blasts in Japan.18–20 A role of
the Epstein-Barr virus (EBV) has
been suggested by studies of viral
DNA in tumor tissues and antibody
profiles.21,22

The incidence of salivary gland
cancer is approximately 1 per
100,000 in the United States and is
slightly higher among men than
women overall. However, incidence
is higher among women in younger
age groups (�40 years) and prepon-
derance by sex is dependent on the
histologic subtype.23,24 African
Americans experience higher sali-
vary gland cancer mortality at young
ages (�40 years) compared with
whites.25 Worldwide, the highest in-
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cidence occurs among Alaska Na-
tives and Native peoples of Green-
land.26 –28 Increases in incidence
have been reported in at least 2
geographic areas of the United States
(Connecticut and San Francisco–
Oakland),29,30 although this trend
has not been found more broadly
within the United States.23

The majority of cancers occur in
the parotid gland (approximately
80%), with better prognosis than
those occurring in the submandibu-
lar, sublingual, and minor salivary
glands.31 Histopathologic prevalence
is dependent on the gland of involve-
ment, with the major parotid tumors
being carcinoma ex-pleomorphic ad-
enoma, mucoepidermoid, adenocar-
cinoma, adenoid cystic, squamous
cell, and acinic cell. Estimates on the
prevalence of these histologic types
vary, and histopathologic classifica-
tions for salivary gland malignancies
continue to evolve.24,32,33 The 10-
year relative survival rate for sali-
vary gland cancer is approximately
70% but varies considerably accord-
ing to the tumor’s anatomic location,
histologic subtype, stage, grade, and
extent of facial nerve inva-
sion.24,31,32,34

The present study was designed to
examine the relation between sali-
vary gland cancer mortality and de-
mographic and occupational expo-
sures among African American and
white men and women in the United
States. The database included demo-
graphic, occupation, and industry
data from 2505 salivary gland cancer
deaths in 24 states. This is the largest
study of salivary gland cancer that
we are aware of to date.

Materials and Methods
Cases were identified through the

National Cancer Institute, National
Institute for Occupational Safety and
Health, and National Center for
Health Statistics death certificate da-
tabase. In this database, 24 partici-
pating states provided occupation
and industry titles on all death certif-
icates starting in approximately
1984. Persons aged 20 and older

dying of cancer of the salivary gland
(International Classification of Dis-
eases, version 9 [ICD-9] codes
142.0, 142.1, and 142.9) between
1984 and 1989 were included in the
analysis. Controls dying of noninfec-
tious causes were randomly selected
and frequency-matched for age
(within 5 years), race (white or Afri-
can American), sex, and region* of
the United States, with a case to
control ratio of 1 to 4. Controls dying
of infectious causes were excluded
as a result of a suspected viral etiol-
ogy of salivary gland cancer.

From the death certificate, occupa-
tion and industry were coded accord-
ing to the 1980 U.S. Census Bureau
3-digit classification system, which
includes 231 industries and 509 oc-
cupations.35 Based on these codes, a
job-exposure matrix (JEM) was de-
veloped using the method of Dose-
meci et al., some of which has been
used in previous analyses.36–38 JEM
scoring of unique occupation and
industry code combinations was con-
ducted by an industrial hygienist
(MD) blinded to the case/control sta-
tus of subjects, and based on profes-
sional assessment using the general
industrial hygiene literature and the
Integrated Management Information
System of the Occupational Safety
and Health Administration. Two
types of JEMs were created. The first
estimated simply the level of occu-
pational exposure to animal contact,
public contact, outdoor work, and
physical activity (type 1). The sec-
ond type of JEM included more in-
depth assessment of probability, in-
tensity, and confidence estimates of
exposures to asbestos, benzene,
formaldehyde, ionizing radiation,
lead, and solvents (type 2). No other
occupational data were available. So-
cioeconomic status (SES) was as-

signed to 1 of 5 categories based on
occupation according to the method
of Green et al.39

Chi-squared tests (2-sided) were
used to determine statistically signif-
icant differences between cases and
controls in geographic and demo-
graphic variables. Multiple logistic
regression was used to adjust mortal-
ity odds ratio (OR) estimates for
possible confounding factors. Crude
and adjusted odds ratios were calcu-
lated for each 3-digit occupation and
industry category, with adjustment
for age (5-year age group) and mar-
ital status (single, married, widowed,
divorced, unknown). Results are pre-
sented for those occupation and in-
dustry categories with at least 5 cases
and a statistically significant odds
ratio (P � 0.05), an odds ratio
greater than or equal to 1.5, or an
odds ratio less than or equal to 0.5.
Job-exposure matrix odds ratios
were adjusted for the effects of age,
SES category, and marital status.
Tests for the statistical significance
of trend (2-sided) in the JEM vari-
ables were conducted using multiple
logistic regression with 0, 1, 2, 3, and
4 for increasing levels of probability
and intensity of job exposure. We
examined possible interactions be-
tween SES and JEM variables by: 1)
examining the odds ratios for each
JEM within an SES strata and look-
ing for nonoverlapping confidence
intervals, and 2) examining the
change in magnitude of the
crosstabulated (SES by JEM) odds
ratios in relation to one referent cat-
egory to the determine whether a
multiplicative relation (2-fold or
greater) existed. We investigated
risks in logistic regression models
stratified by sex, race, and age (50
years and older and �50 years).

Results
Within the study population,

95.3% of white men and 87.3% of
African American men had an occu-
pation coded to the death certificate
(Table 1). Among women, 45.0%
and 30.9% of whites and African
Americans, respectively, had an oc-

*Regions of the United States included the
Northeast (Maine, New Hampshire, New Jersey,
Rhode Island, Vermont), Southeast (Georgia,
Kentucky, North Carolina, South Carolina, Ten-
nessee, West Virginia), Central (Indiana, Kan-
sas, Missouri, Nebraska, Ohio, Oklahoma, Wis-
consin), and West (Colorado, Nevada, New
Mexico, Utah, Washington, Idaho).
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cupation coded on the death certifi-
cate. As shown by the odds ratios in
Table 1, whites and African Ameri-
can women dying of salivary gland
cancer were roughly half as likely to
have no occupational coding com-
pared with controls of the same ra-
cial group. Higher SES was associ-
ated with a higher mortality risk
among white men (P trend �0.001),
with a similar but not statistically
significant trend among African
American men (P trend � 0.20). A
higher proportion of African Ameri-
can (20.8%) cases was under age 50
compared with whites (8.8%; P �
0.001, data not shown). Married
white men and women were at a
significantly higher risk of salivary

gland cancer mortality, compared
with unmarried persons, with a sug-
gestive (not significant) increased
risk among African American
women but not African American
men. The relation between marital
status and salivary gland cancer mor-
tality remained significant and simi-
lar in magnitude after adjustment for
SES (data not shown).

Occupations associated with ele-
vated salivary gland cancer mortality
among white men included: managers
(marketing, advertising and public re-
lations), administrators (education),
accountants, architects, chemists, phy-
sicians, and home furniture sales (Ta-
ble 2). Among white men employed as
janitors and cleaners, the risk was sig-

nificantly lower (OR, 0.5; 95% confi-
dence interval [CI] � 0.32–0.87).
Among African American men, jani-
tors and cleaners were at significantly
higher risk (OR, 2.2; 95% CI � 1.01–
4.61), whereas laborers were at a sig-
nificantly lower risk (OR, 0.4; 95% CI,
0.14–0.98). Among white women, oc-
cupations with excess risk included
administrators (education), elementary
school teachers, real estate salesper-
sons, typists, and supervisors (food
preparation and service). African
American women employed as cooks
were at a significantly higher risk of
salivary gland cancer (OR, 6.0; 95%
CI � 1.47–24.13).

A significantly elevated mortality
from salivary gland cancer among

TABLE 1
Demographic Characteristics of Study Subjects and Corresponding Odds Ratios (OR) for Salivary Gland Cancer Mortality
Risk, 24 U.S. States, 1984–1989

White men African American men White women African American women

No. (%)

OR*
(95%

confidence
interval) No. (%)

OR*
(95%

confidence
interval) No. (%)

OR*
(95%

confidence
interval) No. (%)

OR*
(95%

confidence
interval)

Age at death
20–39 160 (2.4) † 25 (5.4) † 115 (2.6) † 45 (12.0) †
40–49 430 (6.4) 80 (17.2) 280 (6.3) 25 (6.7)
50–59 850 (12.6) 85 (18.3) 480 (10.8) 60 (16.0)
60–69 1620 (24.1) 125 (26.9) 885 (19.9) 65 (17.3)
70–79 1910 (28.4) 105 (22.6) 1110 (24.9) 85 (22.7)
80� 1765 (26.2) 45 (9.7) 1580 (35.5) 95 (25.3)
Total 6735 (100.0) 465 (100.0) 4450 (100.0) 375 (100.0)

Occupational status
Occupation indicated 6418 (95.3) Reference 406 (87.3) Reference 1914 (45.0) Reference 116 (30.9) Reference
Retired 54 (0.8) 0.4 (0.16–1.02) 8 (1.7) 0.6 (0.07–4.70) 18 (0.4) 1.5 (0.55–4.34) 1 (0.3) �

No occupation 256 (3.8) 0.5 (0.31–0.69) 51 (11.0) 1.1 (0.54–2.31) 86 (1.9) 0.5 (0.23–0.92) 21 (5.6) 0.6 (0.18–2.30)
Homemaker 7 (0.1) � 0 � 2232 (50.2) 1.0 (0.84–1.13) 137 (36.5) 0.6 (0.33–1.06)
SES category‡
1 low 1183 (18.4) Reference 163 (40.2) Reference 223 (10.6) Reference 70 (32.4) Reference
2 lower middle 1378 (21.5) 1.1 (0.87–1.29) 119 (29.3) 1.3 (0.71–2.34) 454 (21.5) 0.7 (0.45–1.07) 68 (31.5) 0.7 (0.31–1.57)
3 middle 2418 (37.7) 1.3 (1.05–1.50) 103 (25.4) 1.0 (0.52–1.90) 827 (39.1) 1.2 (0.86–1.81) 45 (20.8) 0.7 (0.27–1.78)
4 upper middle 1005 (15.7) 1.6 (1.31–1.98) 17 (4.2) 2.6 (0.87–7.83) 542 (25.6) 1.4 (0.92–2.00) 32 (14.8) 0.5 (0.15–1.40)
5 upper 434 (6.8) 2.2 (1.72–2.84)§ 4 (1.0) 4.7 (0.63–36.08) 68 (3.2) 1.2 (0.61–2.33) 1 (0.5) �

Marital status
Single 498 (7.4) Reference 77 (16.6) Reference 272 (6.1) Reference 55 (14.7) Reference
Married 4271 (63.4) 1.8 (1.41–2.40) 227 (48.8) 0.7 (0.34–1.35) 1468 (33.0) 1.8 (1.26–2.56) 100 (26.7) 1.2 (0.52–3.00)
Widowed 1210 (18.0) 1.4 (1.00–1.83) 73 (15.7) 0.9 (0.40–2.27) 2253 (50.6) 1.2 (0.85–1.72) 181 (48.3) 1.1 (0.43–2.75)
Divorced 745 (11.1) 1.1 (0.76–1.47) 84 (18.1) 1.2 (0.54–2.46) 453 (10.2) 1.2 (0.80–1.82) 38 (10.1) 0.3 (0.08–1.31)
Unknown 11 (0.2) � 4 (0.9) � 4 (0.1) � 1 (0.3) �

Total cases/controls 1347/5388 93/372 890/3360 75/300

* Odds ratios (OR) adjusted by 5-year age group.
† Not applicable, matched on age group.
‡ Socioeconomic status (SES) based on occupation, excluding individuals recorded as retired, as a homemaker, or without an occupation.
§ Chi-squared test for trend P � 0.001.
� Odds ratios for categories with 4 or fewer exposed cases are not presented.
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white men was associated with several
industries: canned and preserved fruits
and vegetables, telephone, electrical
goods, machinery equipment and sup-
plies, fuel and ice dealers, business
services, physicians’ offices, colleges
and universities, engineering/architec-
tural and surveying services, account-
ing services, educational and scientific
research (Table 3). No industries were

significantly associated with salivary
gland cancer mortality among African
American men, although some in-
creases were observed for those em-
ployed in trucking services (OR, 2.8;
95% CI � 0.85–9.04), and elementary
and secondary schools (OR, 2.8; 95%
CI � 0.85–8.24). Among women, in-
dustries with significantly elevated risk
included the following: U.S. postal

service (white), private household
cleaners (white), elementary and sec-
ondary schools (white), and agricul-
tural production (African American).

Job-exposure matrix results are
presented in Tables 4 and 5 for type
1 and type 2 JEMs, respectively.
Among white men, occupations with
animal contact and high outdoor ex-
posure were significantly associated

TABLE 2
Salivary Gland Cancer Mortality Risk by Occupation, 24 U.S. States, 1984–1989*

Sex, race, occupation number, and title
No. of
cases

OR†
(95% confidence interval)

White men
013 Managers: marketing, advertising and public relations 10 2.6 (1.17–5.96)
014 Administrators: education and related fields 9 2.3 (1.00–5.38)
019 Managers and administrators, not elsewhere classified 111 1.3 (1.01–1.59)
023 Accountants and auditors 23 2.4 (1.43–4.06)
036 Inspectors and compliance officers 7 2.4 (0.92–6.15)
043 Architects 5 5.2 (1.38–19.60)
053 Civil engineers 11 1.6 (0.79–2.27)
057 Mechanical engineers 9 2.1 (0.92–4.70)
073 Chemists 5 4.1 (1.18–14.52)
084 Physicians 15 3.6 (1.75–7.24)
154 Postsecondary teachers 5 2.9 (0.92–9.24)
176 Clergy 16 1.6 (0.89–2.88)
178 Lawyers 8 1.4 (0.63–3.22)
213 Electrical and electronic technicians 5 1.7 (0.60–5.06)
216 Engineering technicians 7 2.3 (0.88–5.90)
253 Insurance sales 15 1.5 (0.84–2.80)
266 Sales: furniture and home furnishings 5 3.7 (1.06–12.83)
417 Firefighting 6 2.1 (0.79–5.69)
418 Police and detectives 8 1.6 (0.68–3.62)
453 Janitors and cleaners 18 0.5 (0.32–0.87)
503 Supervisors, mechanics, and repairers 5 1.8 (0.61–5.30)
585 Plumbers 5 0.5 (0.19–1.23)
779 Machine operators, not specified 9 0.6 (0.20–1.08)
825 Railroad brake, signal, and switch operators 5 1.8 (0.62–5.32)
889 Laborers (excluding construction) 33 0.6 (0.41–0.87)

African American men
453 Janitors and cleaners 12 2.2 (1.01–4.61)
889 Laborers, except construction 5 0.4 (0.14–0.98)

White women
007 Financial managers 5 2.9 (0.93–8.90)
014 Administrators: education and related fields 6 6.1 (1.70–21.85)
156 Teachers, elementary school 41 1.8 (1.23–2.63)
243 Supervisors and proprietors, sales 20 1.5 (0.89–2.51)
254 Real estate sales 8 2.9 (1.16–2.55)
315 Typists 5 4.8 (1.35–16.81)
407 Private household cleaners and servants 18 1.6 (0.93–2.79)
433 Supervisors: food preparation and service 6 6.7 (1.86–23.79)
666 Dressmakers 6 2.6 (0.93–7.20)
796 Production inspectors, checkers, and examiners 8 1.6 (0.70–3.61)
889 Laborers (excluding construction) 6 0.5 (0.21–1.14)

African American women
436 Cooks 5 6.0 (1.47–24.13)

* Odds ratios (ORs) presented include those occupations with 5 or more cases and statistically significant results (P �0.05); or an odds ratio
equal to 1.5 or greater; or an odds ratio of 0.5 or smaller (whether or not statistically significant).

† ORs adjusted for 5-year age group and marital status.
(Analyses excluding those classified as retired, homemaker, or without an occupation and results were not appreciably different.)
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with excess salivary gland cancer
mortality (Table 4). Similarly, excess
risks (OR �4.0) were also seen in
these categories among African
American women, although confi-
dence intervals were broad and based
on a small number of cases. Among
both African American and white
men, occupations with moderate
physical activity appeared to reduce
salivary gland cancer mortality risk
by 20% compared with sedentary
occupations, although only statisti-
cally significant among white men
(OR, 0.8; 95% CI � 0.19–3.69, and
OR, 0.8; 95% CI � 0.61–0.99, re-

spectively). There were no clear pat-
terns of physical activity and salivary
gland cancer mortality risk among
women.

With respect to increasing inten-
sity and probability of JEM expo-
sures, we present results for those
exposures scored with a mid to high
level of confidence in the industrial
hygiene assessment. Analyses in-
cluding all confidence levels of the
JEM were similar and odds ratios
were slightly higher. Thus, we report
the more conservative estimates here
(Table 5). Among white men, the
highest categories of ionizing radia-

tion (OR, 1.7; 95% CI � 1.05–2.80,
mid–high probability and mid–high
intensity vs. low probability and low
intensity, P trend � 0.08) and form-
aldehyde (OR, 1.6; 95% CI � 1.30–
2.00, mid–high probability and mid–
high intensity vs. low probability and
low intensity, P trend �0.001) were
significantly associated with ele-
vated salivary gland cancer mortality
risk. Although the test for trend was
statistically significant for formalde-
hyde exposure among white men,
there was not a dose-response pattern
of monotonically increasing risk
with increased exposure intensity

TABLE 3
Salivary Gland Cancer Mortality Risk by Industry, 24 U.S. States, 1984–1989*

Sex, race, industry number, and title
No. of
cases

OR†
(95% confidence interval)

White men
100 Meat products 5 1.8 (0.62–5.10)
102 Canned and preserved fruits and vegetables 5 4.3 (1.24–15.09)
182 Soaps and cosmetics 5 2.9 (0.90–9.13)
251 Cement, concrete, gypsum, and plaster products 6 2.3 (0.82–6.24)
350 Electrical machinery, equipment, and supplies 8 1.7 (0.73–3.88)
421 Air transportation 10 2.1 (0.96–4.49)
441 Telephone 17 1.8 (1.01–3.24)
512 Electrical goods 5 3.7 (1.08–13.01)
521 Hardware, plumbing, and heating supplies 6 2.1 (0.77–5.67)
530 Machinery, equipment, and supplies 12 2.6 (1.22–5.32)
672 Fuel and ice dealers 6 3.8 (1.20–11.71)
682 Miscellaneous retail stores 5 1.8 (0.64–5.36)
742 Business services 11 2.4 (1.15–5.12)
800 Theaters and motion pictures 6 2.6 (0.95–7.37)
812 Physicians’ offices 12 2.8 (1.32–6.00)
850 Colleges and universities 20 2.0 (1.18–3.52)
882 Engineering, architectural, and surveying services 13 2.2 (1.09–4.26)
890 Accounting, auditing, and bookkeeping services 9 3.2 (1.30–7.98)
891 Noncommercial educational and scientific research 5 4.4 (1.25–15.37)
910 Justice, public order, and safety 25 1.5 (0.93–2.38)
930 Public administration 5 2.1 (0.72–6.30)

African American men
410 Trucking service 5 2.8 (0.85–9.04)
842 Elementary and secondary schools 6 2.8 (0.85–8.24)

White women
342 Electrical machinery (except household, radio and TV) 6 1.9 (0.73–5.18)
412 US Postal Service 7 4.1 (1.44–11.93)
601 Grocery stores 11 1.8 (0.88–3.69)
630 Apparel and accessory stores, except shoe 7 1.7 (0.69–4.17)
761 Private household cleaners and servants 22 1.7 (1.04–2.85)
842 Elementary and secondary schools 64 1.4 (1.06–1.93)
850 Colleges and universities 6 1.7 (0.64–4.43)

African American women
010 Agricultural production, crops 5 4.6 (1.18–17.68)

* Odds ratios (ORs) presented include those occupations with 5 or more cases and statistically significant results (P �0.05); or an odds ratio
equal to 1.5 or greater; or an odds ratio of 0.5 or smaller (whether or not statistically significant).

† ORs adjusted for 5-year age group and marital status.
(Analyses excluding those classified as retired, homemaker, or without an occupation and results were not appreciably different.)
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and probability (odds ratios in Table
5 from left to right). Solvent expo-
sure was associated with 20% to
40% excess mortality risk among
white men, although the test for trend
was not statistically significant (P �
0.06).

There were no significant risks
among African American men or
women for any of the job-exposure
matrices (ionizing radiation, form-
aldehyde, benzene, solvents) ana-
lyzed by probability, intensity
level, or probability and intensity

together. Adjusted odds ratios
among African American women
were near 2.0 or greater for: mod-
erate/high intensity of exposure to
benzene (OR, 3.2; 95% CI � 0.70 –
14.31), formaldehyde (OR, 1.9;
95% CI � 0.75–5.06), and solvents

TABLE 5
Salivary Gland Cancer Mortality Risk by Job Exposure Matrix Exposure Probability and Intensity Level (type 2 JEM), White
Men and Women, 24 U.S. States, 1984–1989*

Sex and job
exposure (no. of
exposed cases/

controls)

Low probability/
low intensity
OR (95% CI)

Low probability/
mid–high intensity

OR (95% CI)

Mid–high
probability/

low intensity
OR (95% CI)

Mid–high
probability/
mid–high
intensity

OR (95% CI)
Trend

P value

White men
Ionizing radiation 0.8 (0.55–1.11) 0.7 (0.45–1.26) 1.4 (0.96–2.16) 1.7 (1.05–2.80) 0.08

46/223 18/102 34/90 32/47
Formaldehyde 0.9 (0.70–1.15) 0.7 (0.35–1.26) 2.4 (0.86–6.75) 1.6 (1.30–2.00) �0.001

88/391 11/70 6/10 31/779
Benzene 1.2 (0.93–1.51) 1.1 (0.77–1.56) 1.1 (0.94–1.38) 0.9 (0.69–1.12) 0.96

104/358 44/185 209/785 99/487
Solvents 1.4 (1.09–1.76) 1.4 (0.92–2.06) 1.2 (1.01–1.49) 1.2 (0.97–1.45) 0.06

120/341 37/143 243/941 251/1056
White women

Ionizing radiation 0.8 (0.17–3.88) 1.0 (0.58–1.76) 1.1 (0.48–2.42) 0.7 (0.42–1.29) 0.42
2/10 20/67 8/27 16/96

Formaldehyde 0.7 (0.33–1.28) 1.1 (0.54–2.07) 1.3 (0.63–2.60) 1.0 (0.73–1.49) 0.69
11/87 13/53 12/59 49/166

Benzene 1.6 (0.68–3.73) 1.3 (0.44–4.08) 0.6 (0.21–1.78) 0.8 (0.47–1.44) 0.45
8/19 4/18 4/28 16/81

Solvents 0.8 (0.50–1.22) 0.9 (0.57–1.41) 0.9 (0.62–1.40) 0.49
31/120 0/9 31/167 34/144

* Reference category is no occupational exposure (analysis excludes retired, homemakers, and those without a recorded occupation), and
analysis limited to occupations with mid- and high-confidence level rankings for JEM. Odds ratio (OR) adjusted for age, marital status and
socioeconomic status, with 95% confidence interval (CI) in parentheses.

TABLE 4
Salivary Gland Cancer Mortality Risk by Job Exposure Matrix (type 1 JEM), 24 U.S. States, 1984–1989*

White men African American men White women African American women

OR (95% CI)

Exposed
case/

control OR (95% CI)

Exposed
case/

control OR (95% CI)

Exposed
case/

control OR (95% CI)

Exposed
case/

control

Animals 1.5 (1.17–2.12) 128/477 0.4 (0.12–1.63) 3/29 0.3 (0.04–2.46) 1/14 4.3 (0.89–20.32) 5/5
Public 1.0 (0.79–1.16) 176/614 0.9 (0.30–2.45) 6/22 0.9 (0.69–1.13) 143/582 0.8 (0.31–2.05) 11/50
Outdoor Exposure

None Reference 709/2728 Reference 47/165 Reference 400/1546 Reference 43/150
Moderate 1.1 (0.91–1.22) 426/1647 0.7 (0.37–1.45) 19/85 1.1 (0.69–1.59) 32/112 1.0 (0.22–4.45) 3/10
High 1.4 (1.10–1.78) 183/730 0.8 (0.38–1.58) 15/75 0.4 (0.09–1.71) 2/22 4.3 (0.89–20.32) 5/5

Physical activity
Sedentary Reference 240 /691 Reference 6/9 Reference 139/489 Reference 3/20
Low 0.9 (0.76–1.19) 404/1491 0.4 (0.10–1.89) 17/91 1.2 (0.94–1.65) 158/545 Reference 11/38
Moderate 0.8 (0.61–0.98) 276/1219 0.8 (0.19–3.69) 26/75 0.9 (0.65–1.21) 101/499 1.4 (0.54–3.50) 19/64
High 1.0 (0.73–1.25) 393/1704 0.6 (0.12–2.63) 32/150 1.2 (0.69–2.12) 36/147 2.9 (0.59–14.56) 18/43

* Reference category is no occupational exposure (excludes retired, homemaker, and those without a recorded occupation). Odds ratio (OR)
adjusted for age, marital and socioeconomic status, with 95% confidence interval (CI) in parentheses.
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(OR, 2.4; 95% CI � 0.87– 6.62)
(adjusted for age, marital status, and
socioeconomic status; data not
shown). Interaction between SES and
any of the JEM variables was not
observed. Age-stratified results were
not noteworthy.

Discussion
This is one of the first studies to

explore occupational risks for sali-
vary gland cancer among a large
number of both African American
and white individuals in the United
States. The advantages of the study
design include: the ability to analyze
occupational risk factors for a rare
cancer among a large number of
cases and controls; the surveillance
of cancer risk over a large geo-
graphic area; and uniform coding
methods for occupation and industry
in the participating study areas. In
addition, the use of a JEM could add
strength to the study design. Recall
bias is one potential source of bias in
case-control studies relying on self-
reported exposure, which can be
eliminated using a JEM. Although
misclassification of job exposures
cannot be eliminated using the JEM
approach, it is expected that misclas-
sification is nondifferential and gen-
erally resulting in reduced estimates
of the true effect.40

This study was limited by the anal-
ysis of a mortality outcome (as op-
posed to newly diagnosed cases),
underreporting of salivary gland can-
cer deaths on death certificates,41

misclassification of occupation on
death certificates, lack of informa-
tion on occupational changes over
the life course, or on other potential
confounding variables such as non-
occupational radiation exposure.
Misclassification of a metastatic skin
cancer as salivary gland cancer could
be a particularly important limita-
tion. Both basal cell and squamous
cell skin cancers could metastasize to
the parotid gland and could present
clinically as a parotid mass.34,42 For
squamous cell histologic types, ex-
clusion of the parotid as a metastatic
site is particularly difficult.31,34 His-

torically, half of squamous cell pa-
rotid tumors have been found to be
misclassified metastatic cancers of
other head and neck sites.43 In addi-
tion, we did not adjust for multiple
comparisons; thus, statistically sig-
nificant findings in some occupa-
tional categories could be the result
of chance alone.

In the United States, individuals in
the lowest socioeconomic strata gen-
erally bear the greatest cancer mor-
tality burden.44,45 In contrast to this
overall pattern, we found that sali-
vary gland cancer mortality in-
creased with higher SES among
white men, with a similar but not
statistically significant association
among African American men. It is
not clear whether this could be a true
association or an artifact of misclas-
sification.41,46 Because cancers of
other head and neck sites are associ-
ated with low SES, a likelihood for
greater (nondifferential) misclassifi-
cation with decreasing SES exists.47

Furthermore, case-control studies for
salivary gland cancer have not been
consistent with respect to SES-
related variables. For example, in the
United States, a case-control study
by Spitz et al. found an excess of
salivary gland cancer among those
with a college education and white-
collar work,12 but Muscat et al.
found no association with education
level.9 A population-based study by
Zheng et al. in Shanghai, China,
found a significantly higher risk of
salivary gland cancer incidence
among those with lower income.11

Among whites, salivary gland can-
cer mortality was higher among mar-
ried compared with unmarried indi-
viduals. We hypothesized that
marital status might be related to a
greater number of contacts with in-
fectious agents through family mem-
bers and children. Although we did
observe elevations of salivary gland
cancer mortality in some occupations
and industries with relatively higher
public contact, this hypothesis was
not corroborated by our JEM results
for public contact, nor the results of
another case-control study.12 Simi-

larly, Zheng et al. reported no asso-
ciation with greater family size. It is
noteworthy, however, that the high-
est incidence of salivary gland can-
cers occur among Alaska Native and
Greenland Native populations, which
experience generally higher rates of
household crowding at young ages
and higher rates of infectious disease
at young ages.26,48,49

Our findings were consistent with
previous studies linking occupational
exposure to ionizing radiation with
salivary gland cancer, although pre-
vious occupational studies have been
based on a small number of exposed
cases.6,17 Although the odds ratios
among white men increased with the
probability and intensity of occupa-
tional exposure, the trend was not
statistically significant, and we did
not find a similar relation among
women or among African Ameri-
cans. Possible reasons for this incon-
sistency include: the lower validity
of occupation recorded on the death
certificate as a measure of true occu-
pational exposure among African
Americans,50 a lower power to detect
an association among women and
African Americans (exposed cases:
46 white women, 4 African Ameri-
can men, 4 African American
women, compared with 130 white
men), a potentially shorter duration
of exposure among African Ameri-
can cases and controls who were
significantly younger at the time of
death compared with whites, and the
possibility of greater nonoccupa-
tional radiation exposures in the Af-
rican American control population
compared with whites.51,52 A previ-
ous analysis also found inconsistent
results among white and African
American women with respect to
occupational ionizing radiation ex-
posure and breast cancer risk when
using a death certificate-derived
JEM estimate of exposure.53

Among Japanese atomic bomb
survivors, a well-recognized increase
in salivary gland cancer occurrence
with increasing radiation dose has
been observed.18–20 Because the oro-
pharynx appears to be the primary
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site of EBV infection, one possible
mechanism through which radiation
exposure could contribute to salivary
gland carcinogenesis is through EBV
infection reactivation.54 This is sug-
gested by the elevated antibody titers
to EBV early antigen (EBV-ea IgG)
among radiation-exposed survi-
vors.22 Similarly, EBV-positive
Hodgkin’s disease tumor cell lines
exposed to ionizing radiation express
proteins consistent with EBV reacti-
vation.55 Taken together, this sug-
gests an interaction between EBV
infection and radiation in salivary
gland carcinogenesis.

There were 4 occupations with an
elevated risk for salivary gland can-
cer in this study that have been pre-
viously reported, including agricul-
tural production workers, fuel and
ice dealers, machinery equipment
and suppliers, and postal workers1,12

Among agricultural production
workers, exposure to nitrates and
nitrosamines could be important.5,8

We did not find statistically signifi-
cant associations among rubber in-
dustry workers, plumbers, wood-
workers, cosmetologists, or the auto
industry, as found in other re-
search.1–8 Some of the inconsisten-
cies among studies could be ex-
plained by differences in the
industries located within the study
area, differences in the reporting and
coding of occupation, the analysis of
newly diagnosed rather than de-
ceased cases, and chance findings
resulting from small numbers of
cases analyzed.

Within this study, occupations and
industries with consistent associa-
tions across race and/or sex groups
included: education administrators
(white men and women), colleges
and universities (white men and
women), elementary and secondary
education (white women and African
American men), and laborers (white
men and African American men).
Lack of consistency across race and
sex groups could have been the result
of comparatively less occupational
exposure as a result of a higher
proportion of salivary gland cancer

mortality at young ages among Afri-
can Americans and women, and
other differences in exposure by race
or sex that are not captured by the
occupation recorded on the death
certificate or the job exposure ma-
trix. Figgs et al. found that white
workers were assigned a higher pro-
portion of high-exposure jobs in in-
dustries using formaldehyde com-
pared with African Americans (42%
vs. 23% above the median time-
weighted average, respectively).56 In
contrast, a higher proportion of jobs
with high occupational exposures to
polycyclic aromatic hydrocarbons
have been reported among nonwhite
workers employed in the steel indus-
try.57 Agreement between occupa-
tional information derived from self-
report compared with death
certificate varies significantly by
race.58 Similarly, death certificates
could more poorly estimate occupa-
tional exposures among women than
men, and exposures among women
within the same industry have been
shown to differ significantly com-
pared with men.59 In addition, differ-
ences in occupational risk by racial
group could also be linked to differ-
ences in the distribution of occupa-
tion within a particular industry. Be-
cause of the contrasting results by
racial group for individuals em-
ployed as janitors in this study, we
subsequently examined the industry
of employment for janitors by racial
group. Whereas nearly half (49%; 17
of 35) of African American janitors
were employed in manufacturing-
related industries, nearly all (97%;
157 of 162) white janitors were em-
ployed in industries related to profes-
sional and related services and public
administration (codes 800–932).

Associations that are novel in this
study include physical activity, out-
door work, formaldehyde, animal
contact, and solvents. Moderate oc-
cupational physical activity was as-
sociated with a 20% lower risk of
salivary gland cancer mortality in
men, although only statistically sig-
nificant among white men. In 1962,
Taylor et al. reported lower overall

cancer mortality among physically
active workers.60 To date, there is
growing evidence for the role of
physical activity reducing overall
cancer risk and for risk of cancer at
specific sites, including the breast
and colon.61,62 In general, studies
have found a more pronounced effect
among men for the reduction of
overall cancer risk and for cancers of
the colon.63 Improved immune func-
tion and DNA repair capacity after
moderate levels of physical activity
have been cited as reasons for the
protective association with overall
cancer risk.61,63

With regard to outdoor work, sal-
ivary gland cancer incidence has
been associated with ultraviolet radi-
ation treatment to the head and
neck,6 a prior diagnosis of nonmela-
noma skin cancer,3,6,64 – 66 and a
higher ultraviolet index within the
Surveillance, Epidemiology and End
Results (SEER) areas.67 In contrast,
an excess of salivary gland cancer
has not been associated with cutane-
ous melanoma,23,68,69 and salivary
gland cancer mortality in the United
States does not demonstrate a north–
south gradient.23,70 Future studies
that incorporate pathologic review to
avoid tumor misclassification are
needed to clarify this association.
Our findings in relation to a higher
mortality risk among white men with
occupational animal contact could be
related to outdoor work because
these two occupational exposures are
correlated.

The possible role of formaldehyde
was suggested by excess risks asso-
ciated with formaldehyde exposure
and certain occupations. Elevated
risks were statistically significant
among white men employed as phy-
sicians or furniture salesmen. The
odds ratio for moderate to high form-
aldehyde exposure among African
American women was approxi-
mately 2-fold, and there was a 2.6-
fold elevated risk among white
women employed as dressmakers,
but these associations were not sta-
tistically significant. Other occupa-
tional groups exposed to formalde-
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hyde (ie, textiles) were not at a
significantly high risk in this study.
Earlier epidemiologic studies have
found textile work associated with
buccal cancer mortality (inclusive of
the salivary gland)71 and salivary
gland cancer,12 although based on a
small number of cases. A recent
update to a textile workers cohort71

did not find a sustained excess of
buccal cancer mortality in recent pe-
riods (1983–1998), noting a greater
likelihood of higher formaldehyde
exposure in earlier time periods.72 In
a cohort of formaldehyde-exposed
workers, Hauptmann et al. report el-
evated risks of salivary gland cancer
mortality, which increased with cu-
mulative exposure (ppm-years), al-
though risks were not statistically
significant and based on few (4)
cases (M. Hauptmann, National Can-
cer Institute, unpublished manu-
script). It is noteworthy that exposure
to formaldehyde has been associated
with elevated rates of micronuclei in
exfoliated buccal cells of embalmers
and higher frequencies of DNA pro-
tein crosslinks, mutant p53 tumor-
suppressor protein expression, and
sister chromatid exchanges in pe-
ripheral blood lymphocytes of form-
aldehyde-exposed hospital and labo-
ratory workers.73–78

Occupational solvent exposure
was associated with increased sali-
vary gland cancer mortality among
white men. Among African Ameri-
can women, risk estimates in excess
of 2-fold were suggestive of an asso-
ciation with solvents and benzene.
Solvents, including benzene, have
been associated with cancers of sev-
eral other sites, although not previ-
ously with salivary gland cancer.79

In summary, several occupational
exposures were found to be associ-
ated with salivary gland cancer mor-
tality among white men. These in-
cluded ionizing radiation, physical
activity, animal contact, outdoor
work, formaldehyde, and solvents.
This study is consistent with other
studies linking occupational ionizing
radiation exposure and certain occu-
pation groups, including agricultural

production work, fuel and ice deal-
ers, machinery equipment suppliers,
and postal work. Although several
job-specific risks were found among
women and African American men,
the findings lacked overall consis-
tency between race and sex groups.
Such inconsistencies could be related
to small numbers in certain exposure
groups leading to a greater likelihood
findings could be the result of chance
alone, exposure misclassification, or
a difference in the distribution of
cofactors in the reference group.

This study provides supporting ev-
idence for an association between
salivary gland cancer mortality and
occupational ionizing radiation ex-
posure. The anomaly of higher mor-
tality at younger ages among African
Americans needs further research as
do associations with physical activ-
ity, outdoor work, animal exposures,
formaldehyde, and solvents.

Acknowledgments
The authors thank Mr. Bob Banks, Dr.

Aaron Blair, Dr. Joseph Fraumeni, Jr., and
Dr. Jay Lubin for their kind assistance during
the analysis and preparation of the manu-
script.

References
1. Swanson GM, Burns PB. Cancers of the

salivary gland: workplace risks among
women and men. Ann Epidemiol. 1997;
7:369–374.

2. Milham S Jr. Cancer mortality pattern
associated with exposure to metals. Ann
N Y Acad Sci. 1976;271:243–249.

3. Spitz MR, Tilley BC, Batsakis JG, et al.
Risk factors for major salivary gland
carcinoma. A case-comparison study.
Cancer. 1984;54:1854–1859.

4. Swanson GM, Belle SH. Cancer morbid-
ity among woodworkers in the US auto-
motive industry. J Occup Med. 1982;24:
315–319.

5. Hagmar L, Bellander T, Andersson C, et
al. Cancer morbidity in nitrate fertilizer
workers. Int Arch Occup Environ Health.
1991;63:63–67.

6. Horn-Ross PL, Ljung BM, Morrow M.
Environmental factors and the risk of
salivary gland cancer. Epidemiology.
1997;8:414–419.

7. Mancuso TF, Brennan MJ. Epidemiolog-
ical considerations of cancer of the gall-
bladder, bile ducts and salivary glands in

the rubber industry. J Occup Med. 1970;
12:333–341.

8. Straif K, Weiland SK, Bungers M, et al.
Exposure to nitrosamines and mortality
from salivary gland cancer among rubber
workers. Epidemiology. 1999;10:786 –
787.

9. Muscat JE, Wynder EL. A case/control
study of risk factors for major salivary
gland cancer. Otolaryngol Head Neck
Surg. 1998;118:195–198.

10. Keller AZ. Residence, age, race and re-
lated factors in the survival and associa-
tions with salivary tumors. Am J Epide-
miol. 1969;90:269–277.

11. Zheng W, Shu XO, Ji BT, et al. Diet and
other risk factors for cancer of the sali-
vary glands: a population-based case-
control study. Int J Cancer. 1996;67:
194–198.

12. Spitz MR, Fueger JJ, Goepfert H, et al.
Salivary gland cancer. A case-control
investigation of risk factors. Arch Otolar-
yngol Head Neck Surg. 1990;116:1163–
1166.

13. Shore-Freedman E, Abrahams C, Recant
W, et al. Neurilemomas and salivary
gland tumors of the head and neck fol-
lowing childhood irradiation. Cancer.
1983;51:2159–2163.

14. Prasannan L, Pu A, Hoff P, et al. Parotid
carcinoma as a second malignancy after
treatment of childhood acute lymphoblas-
tic leukemia. J Pediatr Hematol Oncol.
1999;21:535–538.

15. Modan B, Chetrit A, Alfandary E, et al.
Increased risk of salivary gland tumors
after low-dose irradiation. Laryngoscope.
1998;108:1095–1097.

16. Preston-Martin S, White SC. Brain and
salivary gland tumors related to prior
dental radiography: implications for cur-
rent practice. J Am Dent Assoc. 1990;
120:151–158.

17. Reynolds P, Austin DF. Cancer incidence
among employees of the Lawrence Liv-
ermore National Laboratory, 1969–1980.
West J Med. 1985;142:214–218.

18. Thompson DE, Mabuchi K, Ron E, et al.
Cancer incidence in atomic bomb survi-
vors. Part II: Solid tumors, 1958–1987.
Radiat Res. 1994;137:S17–S67.

19. Saku T, Hayashi Y, Takahara O, et al.
Salivary gland tumors among atomic
bomb survivors, 1950 –1987. Cancer.
1997;79:1465–1475.

20. Takeichi N, Hirose F, Yamamoto H.
Salivary gland tumors in atomic bomb
survivors, Hiroshima, Japan. I. Epidemi-
ologic observations. Cancer. 1976;38:
2462–2468.

21. Raab-Traub N, Rajadurai P, Flynn K, et
al. Epstein-Barr virus infection in carci-

JOEM • Volume 46, Number 3, March 2004 295



noma of the salivary gland. J Virol.
1991;65:7032–7036.

22. Akiyama M, Kusunoki Y, Kyoizumi S, et
al. Study of the titers of anti-Epstein-Barr
virus antibodies in the sera of atomic
bomb survivors. Radiat Res. 1993;133:
297–302.

23. Sun EC, Curtis R, Melbye M, et al.
Salivary gland cancer in the United
States. Cancer Epidemiol Biomarkers
Prev. 1999;8:1095–1100.

24. Zarbo RJ. Salivary gland neoplasia: a
review for the practicing pathologist.
Mod Pathol. 2002;15:298–323.

25. Blot WJ, McLaughlin JK, Devesa SS.
Cancers of the oral cavity and pharynx.
In Schottenfeld D, Fraumeni JF (eds).
Cancer Epidemiology and Prevention.
New York: Oxford University Press;
1996:666–680.

26. Albeck H, Nielsen NH, Hansen HE, et al.
Epidemiology of nasopharyngeal and sal-
ivary gland carcinoma in Greenland. Arc-
tic Med Res. 1992;51:189–195.

27. Lanier AP, Alberts SR. Cancers of the
buccal cavity and pharynx in circumpolar
inuit. Acta Oncol. 1996;35:545–552.

28. Lanier AP, Clift SR, Bornkamm G, et al.
Epstein-Barr virus and malignant lym-
phoepithelial lesions of the salivary
gland. Arctic Med Res. 1991;50:55–61.

29. Horn-Ross PL, West DW, Brown SR.
Recent trends in the incidence of salivary
gland cancer. Int J Epidemiol. 1991;20:
628–633.

30. Zheng T, Holford TR, Chen Y, et al. Are
cancers of the salivary gland increasing?
Experience from Connecticut, USA. Int J
Epidemiol. 1997;26:264–271.

31. Rice DH. Malignant salivary gland neo-
plasms. Otolaryngol Clin North Am.
1999;32:875–886.

32. Wahlberg P, Anderson H, Biorklund A,
et al. Carcinoma of the parotid and sub-
mandibular glands—a study of survival
in 2465 patients. Oral Oncol. 2002;38:
706–713.

33. Pinkston JA, Cole P. Incidence rates of
salivary gland tumors: results from a
population-based study. Otolaryngol
Head Neck Surg. 1999;120:834–840.

34. Taxy JB. Squamous carcinoma in a major
salivary gland: a review of the diagnostic
considerations. Arch Pathol Lab Med.
2001;125:740–745.

35. US Department of Commerce. 1980 Cen-
sus of the Population: Alphabetical Index
of Industries and Occupations. Washing-
ton, DC: US Government Printing Of-
fice; 1982.

36. Dosemeci M, Stewart PA, Blair A. Eval-
uating occupation and industry separately
to assess exposure in case-control stud-
ies. Appl Ind Hyg. 1989;4:256–259.

37. Cocco P, Dosemeci M, Heineman EF.
Occupational risk factors for cancer of
the central nervous system: a case-control
study on death certificates from 24 US
states. Am J Ind Med. 1998;33:247–255.

38. Cocco P, Ward MH, Dosemeci M. Occu-
pational risk factors for cancer of the
gastric cardia. Analysis of death certifi-
cates from 24 US states. J Occup Environ
Med. 1998;40:855–861.

39. Green LW. Manual for scoring socioeco-
nomic status for research on health be-
havior. Public Health Rep. 1970;85:815–
827.

40. Vetter R, Stewart PA, Dosemeci M, et al.
Validity of exposure in one job as a
surrogate for exposure in a cohort study.
Am J Ind Med. 1993;23:641–651.

41. Percy CL, Miller BA, Gloeckler Ries LA.
Effect of changes in cancer classification
and the accuracy of cancer death certifi-
cates on trends in cancer mortality. Ann N
Y Acad Sci. 1990;609:87–97; discussion
97–99.

42. Dzubow LM. Metastatic basal cell carci-
noma originating in the supra-parotid re-
gion. J Dermatol Surg Oncol. 1986;12:
1306–1308.

43. Batsakis JG, McClatchey KD, Johns M,
et al. Primary squamous cell carcinoma
of the parotid gland. Arch Otolaryngol.
1976;102:355–357.

44. Steenland K, Henley J, Thun M. All-
cause and cause-specific death rates by
educational status for two million people
in two American Cancer Society cohorts,
1959–1996. Am J Epidemiol. 2002;156:
11–21.

45. Singh GK, Miller BA, Hankey BF, et al.
Changing area socioeconomic patterns in
US cancer mortality, 1950–1998: Part
I—All cancers among men. J Natl Can-
cer Inst. 2002;94:904–915.

46. Ron E, Saftlas AF. Head and neck radi-
ation carcinogenesis: epidemiologic evi-
dence. Otolaryngol Head Neck Surg.
1996;115:403–408.

47. Faggiano F, Partanen T, Kogevinas M, et
al. Socioeconomic differences in cancer
incidence and mortality. IARC Sci Publ.
1997;138:65–176.

48. Bulkow LR, Singleton RJ, Karron RA, et
al. Risk factors for severe respiratory
syncytial virus infection among Alaska
native children. Pediatrics. 2002;109:
210–216.

49. Galil K, Singleton R, Levine OS, et al.
Reemergence of invasive Haemophilus
influenzae type b disease in a well-
vaccinated population in remote Alaska.
J Infect Dis. 1999;179:101–106.

50. Poe GS, Powell-Griner E, McLaughlin
JK, et al. Comparability of the death
certificate and the 1986 National Mortal-

ity Followback Survey. Vital Health Stat.
1993;2:1–53.

51. Burger J, Stephens WL Jr, Boring CS, et
al. Factors in exposure assessment: ethnic
and socioeconomic differences in fishing
and consumption of fish caught along the
Savannah River. Risk Anal. 1999;19:
427–438.

52. Brown P. Race, class, and environmental
health: a review and systematization of
the literature. Environ Res. 1995;69:15–
30.

53. Cantor KP, Stewart PA, Brinton LA, et
al. Occupational exposures and female
breast cancer mortality in the United
States. J Occup Environ Med. 1995;37:
336–348.

54. Cohen JI. Epstein-Barr virus infection.
N Engl J Med. 2000;343:481–492.

55. Ferrieu C, Ballester B, Mathieu J, et al.
Flow cytometry analysis of gamma-
radiation-induced Epstein-Barr virus re-
activation in lymphocytes. Radiat Res.
2003;159:268–273.

56. Figgs LW, Stewart PA, Blair A. The
impact of initial job assignment on form-
aldehyde exposure among African-
American and white formaldehyde industry
workers. Am J Ind Med. 1998;34:57–64.

57. Lloyd JW. Long-term mortality study of
steelworkers. V. Respiratory cancer in
coke plant workers. J Occup Med. 1971;
13:53–68.

58. Schade WJ, Swanson GM. Comparison
of death certificate occupation and indus-
try data with lifetime occupational histo-
ries obtained by interview: variations in
the accuracy of death certificate entries.
Am J Ind Med. 1988;14:121–136.

59. Stewart PA, Blair A. Women in the
formaldehyde industry: their exposures
and their jobs. J Occup Med. 1994;36:
918–923.

60. Taylor H, Klepetar E, Keys A, et al.
Death rates among physically active and
sedentary employees of the railroad in-
dustry. Am J Public Health. 1962;52:
1697–1707.

61. Hardman AE. Physical activity and cancer
risk. Proc Nutr Soc. 2001;60:107–113.

62. International Agency for Research on
Cancer. Working Group on the Evalua-
tion of Cancer-Preventive Strategies.
Weight Control and Physical Activity.
Lyon: Oxford University Press; 2002.

63. Thune I, Furberg AS. Physical activity
and cancer risk: dose-response and can-
cer, all sites and site-specific. Med Sci
Sports Exerc. 2001;33:S530–S550.

64. Milan T, Pukkala E, Verkasalo PK, et al.
Subsequent primary cancers after basal-
cell carcinoma: a nationwide study in
Finland from 1953 to 1995. Int J Cancer.
2000;87:283–288.

296 Salivary Gland Cancer Mortality in the United States • Wilson et al



65. Hemminki K, Dong C. Primary cancers
following squamous cell carcinoma of
the skin suggest involvement of Epstein-
Barr virus. Epidemiology. 2000;11:94.

66. Frisch M, Melbye M. New primary can-
cers after squamous cell skin cancer.
Am J Epidemiol. 1995;141:916–922.

67. Spitz MR, Sider JG, Newell GR, et al.
Incidence of salivary gland cancer in the
United States relative to ultraviolet radi-
ation exposure. Head Neck Surg. 1988;
10:305–308.

68. Wassberg C, Thorn M, Yuen J, et al.
Second primary cancers in patients with
cutaneous malignant melanoma: a popu-
lation-based study in Sweden. Br J Can-
cer. 1996;73:255–259.

69. Schmid-Wendtner MH, Baumert J,
Wendtner CM, et al. Risk of second
primary malignancies in patients with
cutaneous melanoma. Br J Dermatol.
2001;145:981–985.

70. Devesa SS, Grauman DJ, Blot WJ, et al.

Atlas of Cancer Mortality in the United
States. Bethesda, MD: National Institutes
of Health, National Cancer Institute; 1999.

71. Stayner LT, Elliott L, Blade L, et al. A
retrospective cohort mortality study of
workers exposed to formaldehyde in the
garment industry. Am J Ind Med. 1988;
13:667–681.

72. Pinkerton LE, Hein MJ, Stayner LT.
Mortality among a cohort of garment
workers exposed to formaldehyde: an
update. Occup Environ Med. 2003. Pre-
print: http://oem.bmjjournals.com/cgi/
data/60/1/DC1/4.

73. Blair A, Kazerouni N. Reactive chemi-
cals and cancer. Cancer Causes Control.
1997;8:473–490.

74. Shaham J, Bomstein Y, Gurvich R, et
al. DNA-protein crosslinks and p53
protein expression in relation to occu-
pational exposure to formaldehyde.
Occup Environ Med. 2003;60:403–
409.

75. Titenko-Holland N, Levine AJ, Smith
MT, et al. Quantification of epithelial cell
micronuclei by fluorescence in situ hy-
bridization (FISH) in mortuary science
students exposed to formaldehyde. Mutat
Res. 1996;371:237–248.

76. Suruda A, Schulte P, Boeniger M, et al.
Cytogenetic effects of formaldehyde ex-
posure in students of mortuary science.
Cancer Epidemiol Biomarkers Prev.
1993;2:453–460.

77. Shaham J, Gurvich R, Kaufman Z. Sister
chromatid exchange in pathology staff
occupationally exposed to formaldehyde.
Mutat Res. 2002;514:115–123.

78. McLaughlin JK. Formaldehyde and
cancer: a critical review. Int Arch
Occup Environ Health. 1994;66:295–
301.

79. Lynge E, Anttila A, Hemminki K.
Organic solvents and cancer. Can-
cer Causes Control. 1997;8:406 –
419.

JOEM • Volume 46, Number 3, March 2004 297


